ABSTRACT
INTRODUCTION
Histamine is a biologically active amine compound that is present in various food products due to the bacterial decarboxylation of free histidine [1] . Histamine is produced by enzymatic decarboxylation of the corresponding amino acid histidine. It is also a byproduct of bacterial action during food processing and storage and hence could be present in substantial amounts in fermented food stuffs and beverages [2] . It is well-known that histamine is highly correlated to human physical and mental health, and its concentration is employed as an indicator of food preservation and quality assurance of consumable products [3] . As a result, in the United States of America FDA admits a maximum limit of histamine presence of 50 mg kg -1 (5 mg 100 -1 g) for fresh and canned fish. While based on Standar Nasional Indonesia (SNI) 01-2360 year 2008, histamine maximum limit in Indonesian fish is 100 mg kg -1 . Several analytical methods have been developed for the analysis and determination of histamine levels such as Thin Layer Chromatography (TLC) [4] , potentiometry based on a lignin modified glassy carbon electrode application [5] , electrochemiluminescence [6] , ultrasensitive flow injection electrochemical analysis [7] , High Performance Liquid Chromatography (HPLC) [8] , 1H NMR [9] , PCR-DGGE [10] , liquid-chromatography tandem mass spectrometry [11] , and spectrophotometry [12] . Complex reactions between histamine, metals and oxalate in absence of significant changes of the wavelength and the solution color have been reported [13] . On the other hand, alizarin red S easily forms complex colors with metallic and organic compounds such as Al (III) [14] , copper [15] , cobalt and cysteine [16] , nickel, 9,10-anthraquinone derivatives [17] .
This study advances an analytical procedure for the determination of histamine based on its reaction with Cu and alizarin red S which give color compounds as products. The concentration of the latter can be determined spectrophotometrically. The study is focused also on (i) the optimization of Cu(II) concentration, alizarin red S concentration, and pH in view of the response time obtained is carried out; and (ii) the determination of the analytical characteristics of the method referring to the coefficient of variation, the detection limit, the limit of quantitation, the sensitivity, the linearity and accuracy.
EXPERIMENTAL

Materials
Histamine reference standard was purchased from Sigma Aldrich, Singapore. Copper sulphate hexahydrate and alizarin red S were purchased from Merck, Germany. Methanol, sodium acetate, sodium hydrogen phosphate dihydrate, sodium dihydrogen phosphate dihydrate, glacial acetic acid, sodium hydroxide, and sodium carbonate were pure analytical grade and purchased from Sigma Aldrich, Singapore.
Instrumentation
All absorbance measurements were performed on a Shimadzu-1800 UV-Vis spectrophotometer with 1 cm light-path quartz cuvette. The latter was rinsed 3 times using the solution to be measured prior to filling it for the absorbance measurement at the desired wavelength. The buffer solution was prepared with using Eutech pH meter for analytical optimization of pH.
Procedure
Reagent preparation
Histamine (0.1000 g) was weighed and dissolved in methanol. The solution was transferred into a 100 mL volumetric flask. The same solvent was added to reach the mark. CuSO 4 .6H 2 O (0,3929 g) was weighed and dissolved in distilled water. The solution was transferred into a 100 mL volumetric flask. Distilled water was added to reach the mark. The same procedure was applied to alizarin red S. Its weight was equal to 0.1 g.
Buffer solution preparation
Solutions of pH of 4 and 5 were prepared from an acetic buffer solution containing 2M acetic acid and 2M sodium acetic mixed solution. pH 6, 7, and 8 were prepared using a phospate buffer solution which contained 2M sodium hydrogen phosphate dehydrate and 2M sodium dihydrogen phosphate dihydrate mixed solution.
Preparation of an alizarin red S-Cu(II) complex solution
A 0.25 mL of the alizarin red S solution was added quantitatively into a 10 mL volumetric flask. Then 1.0 mL of Cu(II) solution and 1 mL buffer solution of pH 7 were added. Methanol was added 15 min at room temperature to reach the mark. The wavelength of complex solution was measured with UV-Vis spectrophotometer at λ of 300 nm -800 nm.
Preparation of a histamine-alizarin red S-Cu(II) complex solution
A 0.25 mL of the alizarin red S solution was transferred quantitatively into a 10 mL volumetric flask and added 1.0 mL of Cu(II) solution, 1.25 mL of histamine solution, 1 mL buffer solution of pH 7. Methanol was added 15 min at room temperature to reach the mark. The wavelength of complex solution was measured with UV-Vis spectrophotometer at λ of 300 nm-800 nm.
RESULTS AND DISCUSSION
The spectrophotometric method investigated in this study refers to the determination of histamine on the ground of its complex reactions with alizarin red S and Cu(II). Fig. 1 shows that the maximum wavelength of the complex compounds of alizarin red S and Cu(II) refers to 544 nm, while that of the histamine -alizarin red S -Cu(II) complex compound -to 505,5 nm. These results indicate a shift of the maximum absorption wavelength to lower values due to a hypsocromic effect. The wavelength of the histamine -alizarin red S -Cu(II) complex compound is used as the wavelength for the entire analytical parameter optimization. The prediction of a complex formation is visualized in Fig. 2 where Cu(II) reacts with alizarin red S forming a violet complex. The alizarin complexation occurs at its perihydroxycarbonyl group and results in the formation of a C=O → M-O coordination bond and a six-membered chelate cycle in the compound [17] . The complex compound obtained reacts with histamine to form a new pink complex compound. Cu(II) binds the histamine amine group. This compound is assumed to have an octahedral shaped molecule. Histamine acts as a bidentate ligand in the molecular structure of the complex chelating the Cu(II) ion. The latter is in a square pyramidal geometry defined by the two N atoms of the aqua ligand at the pyramid apex. In the crystal packing of [Cu(His)(ARS) (H 2 O)] complex, histamine participates in weak hydrogen bonds of N-H-O along with neighboring oxalate ion.
The optimization of Cu(II) and alizarin red S concentration is based on absorbance increase with concentration increase. The optimum value obtained refers to 50 ppm as shown in Fig. 3 . The same is valid for alizarin red S concentration, i.e. 50 ppm. The absorbance increases with increase of the concentrations of Cu. This indicates that the reaction is not complete at concentrations less than 50 ppm. The decrease of absorbance at concentrations higher than 50 ppm suggests that the presence of histamine reaches saturation. Fig. 4 shows that the optimum pH value is equal to 6. Cu(II)-ARS-His solution starts to form a colloidal solution at pH > 7. It is caused by precipitation of Cu(OH) 2 because Ksp Cu(OH) 2 is reached under these conditions [18] .
The response time optimization is illustrated in Fig. 5 . It is evident that the optimum response time for the formation of the complex is equal to 10 min.
The optimization procedure concerning the concentrations of alizarin red S and Cu(II), pH and response time provides the construction of a linear calibration curve in histamine concentration range of 50 ppm -150 ppm. It is shown in Fig. 6 . The linear regression equation is y = 0,0054x -0,1944, while R 2 = 0.9959. The analytical characteristics of the method are summarized in Table 1 . The consideration of all data obtained shows that linearity is close to 1. The two ANOVA directions indicate that t table < t calculation . This in turn leads to the rejection of H 0 and the conclusion that there is a correlation between the concentration and the absorbance. The accuracy of the method by an average of 101.63 % is shown in Table 2 . This indicates that the method advanced approaches the actual state of histamine concentration. The variation coefficient obtained is equal to 0.650 % ( Table 3 ). The sensitivity obtained from the slope of the histamine standard curve is found equal to 0.0054.
CONCLUSIONS
A spectrophotometric method for determination of histamine is advanced. It is based on the complex formation reaction at room temperature using Cu(II) and alizarin red S as reagents. The method has a simple methodology and which is why is easily applicable. It is accurate, low cost and provides short reaction times. Table 3 . Variation coefficient (precision) of histamine standard.
